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Saccharomyces cerevisiae STR3 and yeast cystathionine β-lyase enzymes
The potential for engineering increased flavor release
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Selected Saccharomyces cerevisiae
strains are used for wine fermenta-

tion. Based on several criteria, wine-
makers often use a specific yeast to
improve the flavor, mouth feel, decrease
the alcohol content and desired phenolic
content, just to name a few properties.
Scientists at the AWRI previously illu-
strated the potential for increased flavor
release from grape must via overexpres-
sion of the Escherichia coli Tryptophanase
enzyme in wine yeast. To pursue a self-
cloning approach for improving the
aroma production, we recently charac-
terized the S. cerevisiae cystathionine
β-lyase STR3, and investigated its flavor
releasing capabilities. Here, we continue
with a phylogenetic investigation of STR3
homologs from non-Saccharomyces
yeasts to map the potential for using
natural variation to engineer new strains.

Amino acids play a central role in flavor
development during alcoholic fermenta-
tion. Not only are they precursors for
flavor active compounds such as higher
alcohols, esters and aromatic thiols; their
biosynthetic and catabolic pathways in
yeast also play a key role in producing and
liberating aroma.

A primary example of this are the
aromatic thiols 3-mercaptohexan-1-ol
(3MH) and 4-mercapto-4-methylpentan-
2-one (4MMP), which are released from
non-volatile cysteine-S-conjugated pre-
cursors present in grape must during
fermentation with wine yeast. 3MH and
4MMP form an important part of the
varietal character of Vitis vinifera L. cv
Sauvignon blanc wines with grape fruit
and passion fruit flavors and are found in a

range of wines. 4MMP release was recently
linked to a particular allele of IRC7, which
encodes for an enzyme with carbon-sulfur
β-lyase activity.1 IRC7 was horizontally
transferred from Yersinia pestis to
Saccharomyces sensu stricto species,1 and a
BLAST search against all non-redundant
GenBank entries of the fungi taxonomy
did not identify close homologs outside
this group. Efforts to identify a single gene
responsible for 3MH release, on the other
hand, have not proven definitive1-3 and the
trait is considered to be multigenic.

We recently purified the S. cerevisiae
peroxisomal cystathionine β-lyase (CBL),
Str3p, and observed high catalytic effi-
ciency against its physiological substrate,
L-cystathionine, but also observed a broad
substrate specificity toward other sulfur
containing amino acids. We then per-
formed reactions with the cysteine-S-
conjugated thiol precursors, Cys-3MH
and Cys-4MMP (Fig. 1), and quantified
the thiol enzymatic release with gas
chromatography-mass spectroscopy.

Str3p was able to release an amount of
free 3MH and 4MMP corresponding to
approximately 0.1% and 0.6%, respec-
tively, of the specific activity against
L-cystathionine. This represents a modest
side activity, however, the sensory thresh-
olds of 4MMP and 3MH are 3 and 60 ng/l,
respectively,4,5 and the “best” commercial
wine yeast can only release approximately
5% from the precursors.6 Therefore, even
a modest increase in yeast carbon sulfur
β-lyase activity could potentially alter the
composition of volatile thiols in wine
fermentation, and affect wine flavor.

We engineered the commercial wine
yeast strain VIN13 (Anchor Yeast, South
Africa) with an additional copy of the
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S. cerevisiae STR3 gene under the control
of the PGK1 constitutive promoter,
and used the wild type and engineered
VIN13(STR3) to produce wines from a
Sauvignon blanc grape must. The resulting
wines showed an increase in 3MH
concentration of 278 ng/l, and therefore
illustrated the potential to engineer a self-
cloned, 3MH-releasing strain using yeast
CBLs.
Could we improve upon this in the
future? It is worth noting that the pH
optimum of Str3p is 8.75, and at the
S. cerevisiae cytoplasmic pH of 7.0, only

25% of CBL activity remained,7 whereas
at the peroxisomal pH of 8.2, Str3p retains
80% of its maximum enzymatic activity.8

Str3p has a peroxisomal targeting signal
type I (PTS1), and has been located in the
peroxisome of S. cerevisiae cells grown with
oleic acid as a carbon source.9,10 The other
yeast enzymes involved in the sulfur amino
acid biosynthetic pathway are not localized
to the peroxisome but in the cytosol,
therefore, the peroxisomal membrane
must permit the flow of the intermediate
metabolites between both compartments.
Peroxisomes from S. cerevisiae contain

channel (pore)-forming proteins which
would allow transmembrane transfer of
small solutes such as carboxylic and amino
acids with a molecular mass up to
400 Da.11,12 This far exceeds the molecular
sizes of either cystathionine, Cys-4MMP
and Cys-3MH (the latter two substrates
are 219 and 221 Da, respectively), and
we can therefore infer that thiol release
from the peroxisome could occur. It has
been shown that the localization of per-
oxisomal aspartate amino transferase II,
another pyridoxal-5'-phosphate dependent
enzyme, fluctuates between cytosol (glu-
cose) and peroxisomes (oleic acid) depend-
ing on the carbon source.13 The potential
influence of compartmentalisation on
thiol release has not been considered and
represents an interesting future direction.

Commercial wine yeast has been
selected on the basis of enhanced “fruity”
characters produced during fermentation.
Nonetheless, STR3 alleles from the
wine yeast genomes that have been
sequenced14-17 do not show significant
differences in their coding regions.

Figure 1. CBL enzymes (EC 4.4.1.8) cleave cystathionine in an a,b-elimination reaction to produce
homocysteine and the by-products pyruvate and ammonia. The reaction is dependent of
the cofactor pyridoxal-5’-phosphate. The S. cerevisiae CBL can also release the aromatic thiols 3MH
and 4MMP from their respective cysteine-S-conjugated precursors present in grape must.

Figure 2. Phylogenetic tree constructed from alignment and maximum likelihood (quartet puzzling) analysis of 28 S. cerevisiae Str3p homologs.
Each branch is indicated with confidence values (0–100%) from 100,000 puzzling steps19 and S. pombe used as an out group. Prediction of peroxisomal
targeting signal type 1 (PTS1) was done with the PTS1 predictor (http://mendel.imp.ac.at/mendeljsp/sat/pts1/PTS1predictor.jsp), and sequences devoid
of this signal are depicted in red. The sequences were tested for both type 1 and type 2 signals, and marked with asterisk if the prediction was indistinct.
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In order to examine the evolutionary
relationship between Str3p homologs in
Saccharomyces and non-Saccharomyces
yeasts, and perhaps find other CBLs that
may have greater capacity to release thiols,
we constructed a maximum likelihood tree
from fungal Str3p homologs (Fig. 2).
Budding yeasts clustered together into
two clades, and filamentous and other
fungi, branched off with significant differ-
ence from the budding yeasts. The
currently sequenced alleles of the order of
Saccharomycetales fell into two clades,
with S. cerevisiae, S. paradoxus, C. glabrata,
A. gossypii, K. lactis, Z. rouxii and
L. thermotolerans in one clade, P. pastoris,
P. angusta, P. stipitis, C. guilliermondii,
L. elongisporus and D. hansenii in the
second clade. Members of the mitosporic
Saccharomycetacae; C. albicans, C. tropi-
calis and C. dubliniensis that exhibit both
budding and filamentous growth clustered
with this second clade. Clearly the PTS1
signal was not a product of the whole

genome duplication event, since both
yeasts before and after have the peroxiso-
mal signal.

None of the filamentous fungal Str3p
homologs contained a PTS1 sequence, and
had lower calculated pI values, suggesting
a different evolutionary path. In contrast,
the Str3p homologs of budding yeasts
C. tropicalis, P. pastoris and P. angusta
are not predicted for peroxisomal locali-
zation, and the branching of one clade
of budding yeasts with the clade of
filamentous fungi with 91% confidence,
suggests that there is not a selective
pressure for the PTS1 signal. The calcu-
lated pI value for the Saccharomycetacae
was significantly higher (around 8, with
exceptions), in the 6–7.5 range for the
second clade of budding yeasts, and 6
or below for the filamentous fungi.
Whether this is an evolutionary differenti-
ation with regard to pH optimum of
the STR3 gene product remains to be
addressed.

Several non-Saccharomyces yeast have
been shown to release significant concen-
trations of 3MH, even where their
apparent role in grape must fermentation
may be minor.18,20 Indeed, P. kluyveri was
recently commercialised (Frootzen, Chr.
Hansen, Denmark) and used in wine-
making for the enhancement of “fruity”
flavors, through a 2-fold elevation of
3MH concentration.18 Among the diver-
gent Str3p homologs detected across
non-Saccharomyces yeast species, will
there be any that are more active toward
Cys-3MH than S. cerevisiae Str3p—alleles
that could be harnessed to engineer further
enhancements in flavor release? In vitro
characterization of non-Saccharomyces
CBLs represents a path forward. Com-
bined with enzyme crystallization and
bioinformatic analysis of the active sites
residues, we can improve our under-
standing of volatile thiol release and
engineer optimal yeast strains for enhanced
wine flavor.
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